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Abstract
The intent of this study is to explore the potential of 3D printing female shoes and try to change the manufacturing procedure. 
High-heel is the target because of the marketing value and the challenge for ergonomics.Therefore, problems of standing balance,
comfort and fitness are investigated.This study starts from observation of traditional manufacture and the way shoes are 
assembled in order to increase the value of innovation. The design and producing procedure would be presented,and participants 
are also asked to do a pilot study for understanding the preliminary results.
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1. Introduction
Footwear design has been developed for a long time, and researches for footwear always focus on ergonomics 
or physiology[1, 2]. Recently, more and more kinds of footwear are designed for different functions, such as hiking 
boots, sports shoes and high-heeled footwear[3]. However, high-heeled footwear is universally considered as a 
charming design without any consideration of ergonomics, and cause many problems related to our foots[4]. Hence, 
many researches try to find out the factors of the problems by gait analysis, statistical parametric mapping clinical 
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trials, which lead to some new observation. For example, the height of the heel has greater influence to our balance 
and gait than the thickness. Also the walking experience of people could change the performance of clinical trials. 
The big difference is observed between ballet dancers and normal students. Although so many theories strongly 
point out the disadvantages that lacking of ergonomics,high-heeled footwear is not only increasing the sales, but 
more and more new styles of it continuously pop out, indicating that this kind of female footwear remainspopular. In 
this study, researchers deal with the problem of female footwear from different side; not only consider the 
ergonomics (size, outline and shape of foot), but also the design thinking. 
How do the ergonomics of foot be applied to foot design, and how can the new ideas change the process and 
concept of shoes are the focal points. Through the design method, such as morphological analysis, this study could 
bring a new viewpoint to think about footwear design, and also take ergonomics into concern, for creating a new 
form of female footwear. 
This new form of footwear in this study could be deconstructed and combinedepends on users’ needs, declining 
the uncomfortability while walking. Most important of all, this study breaks the limit of foot manufacturing with the 
usage of 3d printing and 3d scan. It means that the whole process and concept of shoes are changed. Users can be 
their own shoemaker and creator. The final evaluation of the ergonomics and satisfaction would be shown by Likert 
scale. 
2. Related works
2.1. 3DPrinting and 3D scanning
Traditional way of producing footwear results in many limitations when combining parts of shoes. In order to 
create footwear which insole and instep are combined according to difference foots, a new way to combine parts are 
needed. 3D printing provides the high freedom while producing[5].3D printing technology such asfused filament 
fabrication andstereolithography, make an integral forming or production of parts easier.This technology has 
actually been imply in industrial design for several years[6].
On the other hand, 3D scan is also helpful with 3D printing and is wildly used for study the relationship between 
foot and footwear because of the advantages to createaccurate models[7, 8]. With the accurate models, people can 
get shoes which are fitting their feet appropriately.
2.2. Ergonomics consideration
Previous researches have shown that the height of heels and the form of footwear play important roles in 
standing balance[9]. In the standing tests, 20 participants who were 21 years old withsimilar weight and height
participated in this test. 10 of this participants exercise regularly and another 10 people were ballet dancers with 
experience more than14.6 years in average. Kilby observed the performance of CenterOf Pressure (COP)[10] by 
distance, distance velocity and variation.The performance helped to determine how high-heel influence our standing.
Fig. 1.Results of COP tests (a) Ballet dancers; (b)Students[9]s
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The figure (a) and (b) on the left side show the COP results of the thicker heel and the one on the right side
shows the thinner heel. The top, middle and bottom present difference heights of heels. The results of COP test show
that difference thickness of heels did not directly influence the balance of standing, only the test of difference 
heights performs the obviously impacts. Also the standing experiences (experience of ballet dancers) influence the 
result of standing with only one foot and the test of standing without footwear. The experienced ballet dancers show
great balance on bothtests. It presents that the training for standing or others which related to foots can make less 
balance problem. 
But both heights and thickness tests show that standing without footwear makes the best performance of COP, 
both for ballet dancersand common people. It indicates that the footwear which can fit the form of normal foots get 
morepotential to contribute better experience of standingbut also point out the challenge of creating a pair of
comfortable high-heels.
To evaluate a product, function, appealing and fitness are always taken in consideration[11].The most 
important element to shoes is the fitness[12], in other words, how the instep fit foots and how the insole fit the form 
of plantar are the most important factors.
Wang[13] triedto evaluate the fitness with 3D model before produced out the real shoes. The data such as 
instep girth and waist girth are measured, and also the difference highest point of foots such as the highest point of 
vamp.Then compare the data to the existing flats by the analytic hierarchy process so that researchers can get the 
most appropriate flat theoretically. This method, easily but accurately, compare the outline of footwear. 
Fig. 2.Measuring of foots.[13]
For now, customers choose shoes by trying it directly. Most of them do not chose shoes only depends on 3D 
models, pictures and data of sizes because this kind of way is not real enough. Evaluate the fitness by simply 3D 
model is still a big issue.
3. Implementation
3.1. Traditional Producing Process
In order to create ergonomic female high-heels and ensure the innovation, 3D printing, 3D scanning and 
assembling are the key concepts in this study. It’s not only creating a new style of footwear but also changing the 
producing process. Once footwear can be produced by 3D printing, to customizes, download new style models 
online and quickly produce it can be done by users themselves. To test the potential is the vision of this study.
Manufacturing of a shoe can be destructed into three main parts: creating flat, outsoles, insoles producing and 
instep design.In this study, these four main parts are seen as the parts which can be combined to create a shoe except 
the flat.In the traditional procedure, the flat is created to be a supporter that regulates ever parts of shoes. So that in 
this study the flat is only create in 3D model by 3D scanning as a reference. Producing a shoe by 3D printing do not 
need a real one.
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Fig. 3. Traditional producing process
3.2. Innovative Producing Process
Fig. 4. Innovative producing process
To get an innovative combining way, Instep, Insole and the heel would need some special apparatus.Buttons, 
lines and latches were chosen to be the basic elements for design. The basic form of shoes are pump shoes. After 
collecting ideas, all of them were evaluated by feasibility assessment.The final idea deconstructs a shoe into three 
parts, one instep, one heel and one insole.
Fig. 5.Parts design.
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3.3. Prototyping and testing
Three participants were invited to this test. All of them are female with size of feet between 23 to 23.5 cm.First, 
their feet were scanned into 3D modelling software. The 3D portable scanner were Sense which were invented by 
Cubify. Second, the same form of shoes models were made respectively. Rhino is the main software while 
modelling for the advantages of dealing with surface and curve.There are two principal for making 3D models of 
plantar, one is to fit the outline of foot, and another one is to fit the arch of foots.
Fig. 6. (left) 3D Scanning; (right)3D modeling
Fig.7. 3D Printing of parts and models
And then the shoes were produced by 3D printing.Two kinds of 3D printers were used, Markerbot Republic 2X 
and Markerbot Z18.There are some limitationof 3Dprinting, size, materials and stability. Building volume of 
Republic 2X is only 24.6 L x 15.2 W x 15.5 H CM (9.7 L x 6.0 W x 6.1 H IN) while Z18 is larger;30.0 L x 30.5 W x 
45.7 H CM (11.8 L x 12.0 W x 18.0 H IN). Republic 2X use ABS as materials while Z18 use PLA. The PLA model 
got higher stability and also got higher success rates when models were produced with initial setting[14].
In order to understand the acceptability and feedback, participants were asked to finish the Likert scale after 
wearing the new shoes. Questions about fitness are designed depends on the previous researches about which 
element influences the comfort more. This data is accepted to improve the new kind of shoes and the future work is 
to detect the pressure of foot and gait analysis so that the comfortability would be ensured in an objective way.
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Fig.8.(left)3D printing of insole; (right)Result..
4. Discussion and Conclusion
Compare to traditional manufacturing, 3D printing can provide a new process to produce footwear and decrease 
the producing cost and especially the producing time. Instead of using glue, assembling shoes with special apparatus 
also make the whole process different. Eventually, this easier way to combine shoes provides big potential for users 
to DIY shoes by themselves. Once shoes can be produced by only 3D printing and 3D scanning, downloading 
models and changing the models could be done online by printing out parts of shoes at home. For example, shoes 
sellers give costumers frames of instep and costumers can choose different kinds of surface for them. Also the heel 
can be chosen and the most great thing of all is that all models are create depends on their own feet including the 
insoles. That means costumers do not have to worry about the fitness anymore.  
But still there are limitations of 3D printing. For example, materials are restricted to machines while most of 
machines can only deal with plastics. Fortunately, researches on special materials are under development. Take 
flexible materials for example, although this kinds of materials for 3D printing are difficult to handle, videos of 
printing papers, feather and clothes are released. Even the project which is printing by cells has been successful [15]. 
Making 3D printing shoes as comfortable as the traditional ones is possible in the near future.
Since the kind of apparatus varies, another problem is how to build up a database for costumers and make models 
adjustable so that designers can save time to deal with data. Parametric design is possibly a good way for creating 
the parts of shoes. In short, this study would focus on the materials for a better way to assemble shoes in the future.
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